Stroke is the fifth leading cause of death and the leading c a u s e o f d i s a b i l i t y a m o n g A m e r i c a n s .
1 I n population-based studies, the prevalence of asymptomatic vascular brain lesions is substantially higher than that of clinically overt disease. Silent brain infarcts (SBIs) and white matter hyperintensities (WMHs), both manifestations of subclinical cerebrovascular disease, are commonly seen on brain magnetic resonance imaging (MRI) scans of elderly adults.
2 Silent brain infarcts are focal areas of infarcts, presumed to result from the occlusion of a single small perforating artery supplying the subcortical areas of the brain, 3 whereas WMHs are considered areas of leukoaraiosis (loss of white matter) because of chronic hypoperfusion of the white matter and disruption of the blood-brain barrier, leading to chronic leakage of plasma into the white matter. 4 Both SBIs and WMHs carry an increased risk of subsequent stroke, cognitive impairment, dementia, and death. [5] [6] [7] [8] An increased left ventricular (LV) mass, also known as LV hypertrophy (LVH), is a manifestation of cardiac remodeling strongly associated with unfavorable cardiovascular outcomes, independent of traditional risk factors including arterial hypertension. [9] [10] [11] [12] Recently, there have been reports of incremental risk associated with abnormal LV geometry beyond the simple LV mass increase.
From LV mass and relative wall thickness (RWT), 3 abnormal geometric patterns (ie, concentric hypertrophy, eccentric hypertrophy, and concentric remodeling) can be identified 13 that appear to carry different risks for cardiovascular events, including stroke. [14] [15] [16] [17] [18] To date, the association between LV geometric patterns and silent cerebrovascular disease has not been extensively evaluated. The purpose of this study was to investigate the relationship between LV geometric patterns and silent cerebrovascular disease in an unselected sample of a multiethnic stroke-free, predominantly elderly general population.
Methods

Study population
The study population was derived from the CABL study, designed to assess the cardiovascular predictors of silent cerebrovascular disease in a community-based cohort. CABL based its recruitment on the Northern Manhattan Study (NOMAS), an epidemiologic study carried out in New York City. Details about the population and enrollment of NOMAS have been published previously. 19 Participants were invited to participate in an MRI substudy beginning in 2003 and were eligible for the MRI cohort if they (1) were at least 50 years of age, (2) had no contraindications to MRI, and (3) did not have a prior diagnosis of stroke. From September 2005 to July 2010, NOMAS MRI participants that voluntarily agreed to undergo a more extensive cardiovascular evaluation were included in CABL. Participants for whom echocardiography and brain MRI information were available constitute the final sample of the present study. Written informed consent was obtained from all study participants. The study was approved by the institutional review boards of Columbia University Medical Center and the University of Miami.
Risk factor assessment
Cardiovascular risk factors were ascertained through direct examination and interviews conducted by trained research assistants. Among the variables used in the analysis, hypertension was defined as systolic blood pressure ≥140 mm Hg or diastolic blood pressure ≥90 mm Hg (mean of 2 readings obtained in sitting position) or a participant self-reported history of hypertension or antihypertensive medication use. Diabetes mellitus was defined by the participants' self-report of history, current use of insulin or hypoglycemic agents, or a fasting glucose of ≥126 mg/dL, tested on ≥2 occasions in each participant. Hypercholesterolemia was defined as total serum cholesterol N240 mg/dL, a participant's self-report of hypercholesterolemia, or the use of lipid-lowering medications. Body mass index (BMI) was calculated using height and weight (kg/m 2 ), and obesity was defined as BMI ≥30 kg/m 2 .
Echocardiographic examination
Echocardiographic examination was performed using a commercially available system (iE 33; Philips, Andover, MA) by a trained, registered cardiac sonographer according to a standardized protocol. Left ventricular end-diastolic diameter (LVDD), LV end-systolic diameter, interventricular septum (IVS), and posterior wall (PW) thickness were measured in the standard manner. 20 Left ventricular ejection fraction was obtained by using the Simpson's methods from apical 4-and 2-chamber views. 20 Left ventricular mass was calculated with a validated formula: LV mass = 0.8(1.04[(IVS + LVDD + PW) 3 − LVDD 3 ] + 0.6), 21 and indexed for body surface area. Left ventricular hypertrophy was defined as LV mass index greater than the 90th percentile of the participants without conditions associated with LVH such as arterial hypertension, diabetes mellitus, obesity, and cardiovascular diseases (LV mass index: 124.0 g/m 2 for men and 111.75 g/m 2 for women). Relative wall thickness was calculated according to this formula: 2 × (PW/LVDD). 13 The 90th percentile of the sample without risk factors described above (RWT: 0.52 for men and 0.60 for women) was used as the upper limit of normal. Four LV geometric patterns were identified on the basis of LV mass index and RWT: normal (normal LV mass, normal RWT), concentric remodeling (normal LV mass, abnormal RWT), eccentric hypertrophy (abnormal LV mass, normal RWT), and concentric hypertrophy (abnormal LV mass, abnormal RWT). 13 In additional analyses, we also used cut-point for LVH (LV mass index; ≤115 g/m 2 vs N115 g/m 2 for men and ≤95 g/m 2 vs N95 g/ m 2 for women) as published by the American Society of Echocardiography (ASE). 20 
Image acquisition and interpretation of brain MRI
A detailed description of the assessment of subclinical cerebrovascular lesions has been published previously. 22, 23 In brief, brain imaging was performed on a 1.5-T MRI system (Philips Medical Systems). Silent brain infarcts were defined as either a cavitation on the fluid-attenuated inversion recovery sequence of at least 3 mm in size, distinct from a vessel (owing to the lack of signal void on T2 sequence), and of equal intensity to cerebrospinal fluid in the case of lacunar infarction, or as a wedge-shaped cortical or cerebellar area of encephalomalacia with surrounding gliosis consistent with infarction attributable to distal arterial branch occlusion. Interobserver agreement for SBI detection was 93.3%. 23 White matter hyperintensity volume analysis was based on a fluid-attenuated inversion recovery image and performed by using the Quantum 6.2, a custom-designed image analysis package on Sun Microsystems Ultra 5 workstation (Sun Microsystems, Santa Clara, CA). White matter hyperintensity volume was expressed as proportion of total cranial volume to correct for differences in head size and was log-transformed (log-WMHV) to achieve a normal distribution for analysis as a continuous variable. The upper quartile of log-WMHV (log-WMHV4) was used as the dependent variable in the categorical analyses. All measurements were performed blinded to participant clinical information.
Statistical analysis
Categorical variables are presented as numbers and percentages and were compared using the χ 2 test. Continuous variables are expressed as mean ± SD and were compared using t test or analysis of variance. Univariate and multivariate logistic regression analyses were used to study the association of LV geometric patterns with SBI and log-WMHV4, adjusting for significant potential cofactors (variables associated with subclinical brain disease with P b .1 in the univariate analysis) in the multivariate logistic regression models. Unadjusted and adjusted odds ratios (ORs) were calculated for the entire study group and in sex, age, race-ethnic, and BMI subgroups. A P value b.05 was considered statistically significant. Statistical analyses were performed using SAS 9.3 software (SAS Institute, Cary, NC).
The authors are solely responsible for the design and conduct of this study, all study analyses, and the drafting and editing of the manuscript and its final contents.
Results
Population characteristics
The baseline characteristics of the study population are listed in Table 1 . Mean age of the study participants was 71 ± 9 years, and 275 (41%) were male. Among the 665 participants, 397 (60%) were classified as having normal geometry; 89 (13%), concentric remodeling; 126 (19%), eccentric hypertrophy; and 53 (8%), concentric hypertrophy. Significant differences were observed among the LV geometry groups regarding age, gender, prevalence of hypertension, diabetes mellitus, and atrial fibrillation.
Association of LV geometric patterns and silent cerebrovascular disease
Presence of SBI was detected in 94 participants (14%); mean log-WMHV was −0.97 ± 0.93 (median −1.11, min −3.79, max 1.74). The prevalence of SBI was greatest in concentric hypertrophy (28.3%), followed by eccentric hypertrophy (23.8%), concentric remodeling (13.5%), and normal geometry (9.3%; P b .001) (Figure 1, A) . A similar trend was observed for the prevalence of log-WMHV4 (concentric hypertrophy: 47.2%, eccentric hypertrophy: 34.9%, concentric remodeling: 24.7%, and normal geometry: 18.9%; P b .001) (Figure 1 B) . After adjustment for pertinent covariates, concentric hypertrophy carried the greatest risk for both SBI (adjusted OR 3.39, P b .001) and log-WMHV4 (adjusted OR 3.35, P b .001), followed by eccentric hypertrophy (adjusted OR 2.52, P = .001 for SBI; adjusted OR 1.96, P = .004 for log-WMHV4) (Tables 2 and 3 ). Concentric remodeling was not associated with either SBI or log-WMHV4 in the adjusted analyses. When we used the ASE criteria for LVH (N115 g/m 2 for men and N95 g/m 2 for women), adjusted Values are mean ± SD or n (percentage). Abbreviation: CAD, Coronary artery disease.
ORs for concentric hypertrophy were 3.18 and 2.85 (both P b .001) for SBI and log-WMHV4, respectively, and those for eccentric hypertrophy were 1.86 and 1.60 (P = .026 and .031) for SBI and log-WMHV4, respectively. Multivariate analysis was repeated including left atrial diameter as a covariate. Similar results were obtained, although ORs and P values were slightly different. Concentric hypertrophy carried the greatest risk for both SBI (adjusted OR 3.35, P = .001) and log-WMHV4 (adjusted OR 3.45, P b .001), followed by eccentric hypertrophy (adjusted OR 2.43, P = .003 for SBI; adjusted OR 1.91, P = .009 for log-WMHV4).
Effect of gender, age, race-ethnicity, and obesity
The association of LV geometric patterns with silent cerebrovascular disease in gender, age, race-ethnic, and BMI subgroups is also shown in Tables 2 and 3 . Concentric and eccentric hypertrophies were associated with SBI and log-WMHV4 in both men and women. In women, concentric hypertrophy was more strongly associated with silent cerebrovascular disease than eccentric hypertrophy, although similar risk was observed in men between the 2 LVH patterns. In older participants (age ≥70 years), concentric and eccentric hypertrophies were associated with both SBI and log-WMHV4, whereas only eccentric hypertrophy was associated with SBI and no geometric pattern was associated with log-WMHV4 in participants younger than 70 years. The association of concentric hypertrophy with silent cerebrovascular disease was greatest in blacks (adjusted ORs 6.44 [P = .008] for SBI and 6.93 [P = .01] for log-WMHV4), whereas there was no significant association between LV geometric abnormalities and silent cerebrovascular disease in whites. In Hispanics, eccentric hypertrophy was associated with both SBI (adjusted OR 2.96, P = .002) and log-WMHV4 (adjusted OR 2.23, P = .005), but concentric hypertrophy was only associated with log-WMHV4 (adjusted OR 2.48, P = .025). In nonobese participants (BMI b30 kg/m 2 ), concentric and eccentric hypertrophies were associated with both SBI and log-WMHV4, whereas only eccentric hypertrophy was associated with log-WMHV4 and no geometric pattern was associated with SBI in obese participants (BMI ≥30 kg/m 2 ).
Discussion
To the best of our knowledge, this is the largest study to investigate the association of LV mass and geometric patterns with silent cerebrovascular disease in a stroke-free sample of a multiethnic general population. We showed that concentric hypertrophy carried the greatest risk for silent cerebrovascular disease, independent of traditional risk factors, followed by eccentric hypertrophy. Although LVH was associated with subclinical brain disease regardless of geometric pattern, differences by sex, age, race-ethnic, and BMI were observed in the relationship between LV geometric pattern and silent cerebrovascular disease.
Left ventricular geometric pattern and silent cerebrovascular disease
The prevalence of stroke is estimated at approximately 3.0% 1 and that of SBI is higher (from 8% to 28%).
5,24-26
Silent brain infarct and WMHV are important subclinical cerebral abnormalities because of their associations with increased risk of subsequent stroke, cognitive impairment, dementia, and death. [5] [6] [7] [8] Although LV geometric abnormalities have been reported to be associated with unfavorable cardiovascular outcomes, 14, 15, 17, 18 limited data are available regarding relationship to silent cerebrovascular disease. Kohara et al 27 showed that LVH was associated with lacunar lesions in 150 Japanese hypertensive patients. Selvetella et al 28 found that concentric Comparison of the prevalence of SBI (A) and that of log-WMHV4 (B) according to the LV geometric patterns.
hypertrophy was associated with more pronounced asymptomatic cerebrovascular damage compared with eccentric hypertrophy in 195 Italian hypertensive patients. However, these studies were relatively small and no studies in the United States focused on the relationship between LV geometric pattern and silent cerebrovascular disease. In our larger sample, concentric hypertrophy carried the greatest independent risk for both SBI and WMHV, followed by eccentric hypertrophy, whereas concentric remodeling was not associated with silent cerebrovascular disease. Our results are consistent with previous studies that showed the greatest risk for adverse cardiovascular outcomes as being associated with concentric hypertrophy. 14, 15, 17, 18 Furthermore, we have previously reported in a case-control study that concentric hypertrophy carried the greatest risk for first ischemic stroke among the LV geometric abnormalities. 16 In our study, abnormal LV geometry in the presence of normal LV mass (ie, concentric remodeling) was not associated with subclinical brain disease, indicating a modulating effect of LV geometry on stroke risk when LVH is present, but no independent effect. Our results persisted even after we replaced ASE criteria for LVH for internally derived criteria. In addition, although left atrial enlargement may play an important role in the association of LVH with subclinical cerebrovascular disease, 29 both LVH patterns remained significantly associated with subclinical cerebrovascular disease in our study after adjustment for left atrial diameter.
The underlying mechanisms by which LVH may play a role in silent cerebrovascular disease are unclear, but we hypothesize several potential explanations. First, because concentric hypertrophy was associated with the greatest LV mass index, it may be a marker of more advanced end-organ damage in the cerebral vasculature. Second, LVH, especially concentric, is known to be associated with increased carotid artery intima-media thickening. 30, 31 A progressive increase in intima-media thickness was previously described, from the lowest values in patients with normal geometry (0.68 mm) to intermediate in those with concentric remodeling (0.76 mm) and eccentric hypertrophy (0.81 mm) and to the highest level in patients with concentric hypertrophy (0.87 mm) in 1,074 hypertensive patients. 30 Because carotid artery disease is an established risk for silent cerebrovascular disease, 32 its association with LVH might be involved in the explanation of our results. Finally, elevated serum insulin levels have been reported in hypertensive patients with LVH 33 that could be associated with silent cerebrovascular disease. Indeed, Kario et al 34 found that hyperinsulinemia was associated with silent lacunar infarction in 123 asymptomatic hypertensive patients. Regardless of the possible mechanisms, our data suggest that the assessment of LV geometric pattern can provide useful information about the risk of subclinical brain disease. Whether a more aggressive pharmacologic treatment intervention and risk factor control, and consequent reverse LV remodeling, may affect the future All comparisons were with normal LV geometry. ⁎ Adjusted for hypertension, diabetes mellitus, and atrial fibrillation.
incidence of silent or clinical stroke and resulting cognitive decline is a hypothesis that deserves further investigation.
Gender, age, racial, and body size difference Interestingly, gender, age, race-ethnic, and body size differences were observed in the relation between LV geometric patterns and silent cerebrovascular disease. In women, concentric hypertrophy had an approximately 2-fold higher risk for SBI and WMHV compared with eccentric hypertrophy, whereas concentric and eccentric hypertrophy carried a similar risk in men. Furthermore, concentric hypertrophy showed a strong association with silent cerebrovascular disease in older (age ≥70 years) participants, in blacks, and in nonobese participants, although no significant association was observed in participants younger than 70 years, in whites, and in obese participants.
The reasons for these differences are not clear, but previous studies demonstrated a different response to the same stimuli between men and women. 35, 36 Krumholz et al 35 showed that although isolated systolic hypertension was associated with increased LV mass in men and women, the geometric pattern differed by sex, as women demonstrated a pattern of concentric hypertrophy, whereas an eccentric pattern was observed in men. Kuch et al 36 also reported gender-specific differences in the adaptation of the LV to the combination of hypertension and obesity, with postmenopausal women being more susceptible to developing concentric hypertrophy. Zabalgoitia et al 37 also reported that older women (age ≥65 years) showed a greater prevalence of concentric hypertrophy than did younger women and men. As far as race-ethnic differences are concerned, high systolic blood pressure levels were shown to be more strongly associated with concentric hypertrophy in blacks (OR 3.74, P b .001) than in whites (OR 1.50, P = .037), suggesting a greater susceptibility to develop LVH in blacks. 38 Rodriguez et al 39 showed that the prevalence of concentric hypertrophy in Hispanics was greater than in whites and lower than in blacks. These findings may be involved in explaining part of the race-ethnic differences in the relationship of LV geometric pattern and subclinical cerebrovascular disease in our study. No consistent association has yet been identified between obesity and SBI, 32 although obesity is an established risk factor for LVH. On the other hand, Yamashiro et al 40 showed that abdominal visceral fat measured by computed tomography, but not BMI, was related to subclinical cerebrovascular disease in 506 Japanese participants. Because BMI does not reflect body fat volume accurately, future studies are needed to investigate the impact of LV geometry on SBI in relation to abdominal adiposity.
Study limitations
Our study has several limitations. The study sample included participants older than 50 years and with a high prevalence of cardiovascular risk factors, which might All comparisons were with normal LV geometry. ⁎ Adjusted for hypertension, diabetes mellitus, and atrial fibrillation.
not allow generalization to populations with different demographic composition and risk profiles. The sample size of the study was relatively small (n = 665), although adequate to evaluate the associations under examination because of the older age and high frequency of cardiovascular risk factors in the study group. In particular, the smaller sample size of the white and black subgroups may have affected the race-ethnic comparisons. Furthermore, because of the crosssectional design of the study, we could show an association between LV geometric pattern and subclinical cerebrovascular disease, but could not establish a cause-effect relationship.
Conclusions
Left ventricular hypertrophy was significantly associated with the presence of subclinical cerebrovascular disease in a multiethnic stroke-free sample of the general population, and the risk was higher in the presence of a concentric pattern. Gender, age, race-ethnic, and body size differences existed in the relationship between LV geometric patterns and silent cerebrovascular disease that deserve further attention.
